Aims Abbreviations are common in the medical record. Their inappropriate use may ultimately lead to patient harm, yet little is known regarding the extent of their use and their comprehension. Our aim was to assess the extent of their use, their comprehension and physicians' attitudes towards them, using ophthalmology consults in a tertiary hospital as a model. Methods We first mapped the frequency with which English abbreviations were used in the departments' computerised databases. We then used the most frequently used abbreviations as part of a crosssectional survey designed to assess the attitudes of non-ophthalmologist physicians towards the abbreviations and their comprehension of them. Finally, we tested whether an online lecture would improve comprehension. results 4375 records were screened, and 235 physicians responded to the survey. Only 42.5% knew at least 10% of the abbreviations, and no one knew them all. Ninety-two per cent of respondents admitted to searching online for the meanings of abbreviations, and 59.1% believe abbreviations should be prohibited in medical records. A short online lecture improved the number of respondents answering correctly at least 50% of the time from 1.2% to 42% (P<0.001). Conclusions Abbreviations are common in medical records and are frequently misinterpreted. Online teaching is a valuable tool for physician education. The majority of respondents believed that misinterpreting abbreviations could negatively impact patient care, and that the use of abbreviations should be prohibited in medical records. Due to low rates of comprehension and negative attitudes towards abbreviations in medical communications, we believe their use should be discouraged.
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InTroduCTIon
Abbreviations, which are defined as a shortened form of a word or name, are common in the medical records.
1 A study which looked at the electronic discharge summaries from a large, tertiary teaching hospital in Australia revealed that abbreviations were common, occurring at a frequency of one in five words. 2 Other studies have also found widespread use of abbreviations in other types of medical records. [3] [4] [5] A UK study from 2008 checked a selection of abbreviations from surgical inpatient admissions and found that the majority of healthcare professionals have very poor knowledge of commonly used abbreviations. Comprehension of the abbreviations varied from 20% (dieticians) to 57% (young doctors). 6 Some abbreviations are referred to as 'dangerous' or 'error-prone' because they can lead to misinterpretation of orders and other communications, resulting in patient harm. 7 A study carried out in a few Australian hospitals determined that 76.9% of patients had one or more error-prone abbreviations in their medical prescriptions, with 29.6% of these considered by the authors to be of high risk for causing significant harm. 8 Prescription errors caused by the misinterpretation of abbreviations were found in about 3% of both handwritten and preprinted prescriptions in an ophthalmology clinic in Thailand. 9 The inappropriate use of jargon can lead to confusion and miscommunication between the specialist and the physician seeking consult, as well as with the patient, potentially leading to misdiagnosis or improper treatment. 10 Educational interventions were previously found to markedly reduce the use of unsafe abbreviations in medication orders.
11
In Israel, the language most commonly used in written medical consultations is Hebrew, yet English-language abbreviations are very common and are prevalent in certain fields such as ophthalmology. 12 In this study, we intended to evaluate which abbreviations are most frequently used by ophthalmologists in a tertiary hospital in Israel and examine the attitudes of general practitioners (GPs) towards them. We then checked which abbreviations are poorly understood, and, finally, tested whether a short online lecture could improve understanding of these abbreviations.
MeThods

Abbreviation use analysis
We conducted a computerised query on the Edith Wolfson Medical Center's ophthalmology department's database. As anonymisation and transfer of the digital documents for analysis required manually intensive technical work, we randomly selected those belonging to five residents and one senior physician (mean years of experience: 3.5±2.2) as a representative sample of the department's physicians. The documents included all electronic emergency department visit summaries, specialty consultations and discharge letters in the years 2003-2017.
We then proceeded to create a common abbreviations list using a Delphi method. 13 Our Delphi method included three rounds and seven panellists from several subspecialties, and was performed in accordance with the methods laid out by Hsu et al. 14 In the first round, a general list of all abbreviations used in ophthalmology was created. In the second round, panellists ranked the items on the list according to how commonly they are used in ophthalmic clinics and how often they must be explained to patients or primary care providers. In the final round, the list of items and their rankings was returned to the panellists to give them an opportunity to revise their judgements. We then searched for documents containing the ophthalmic abbreviations. Last, we analysed each document, counted the number of times each abbreviation occurred and mapped them according to frequency.
survey questionnaire
We used the 18 most frequent abbreviations as part of an anonymous cross-sectional survey designed to assess respondents' attitudes towards and comprehension of commonly used ophthalmological abbreviations. The survey was limited to 18 of the most commonly used abbreviations in order to ensure a high response rate. It was conducted over 2 weeks in July 2017, among two populations: (1) non-ophthalmologist physicians employed at our institute and (2) interns, residents and senior physicians using the social media pages of the Israeli residents' organisation and Israeli family medicine residents (figure 1). We asked for an email address to ensure that each person only submitted one entry. The abbreviations used in the survey are shown in table 1. Inclusion criteria were as follows: (1) physicians currently practising medicine and (2) non-ophthalmologists. Respondents' interpretations of abbreviations on the survey were marked as either correct or incorrect. We then used a subset of the survey population, who agreed to participate when they filled out the primary survey, to test whether a short online lecture could improve understanding of these abbreviations. They were asked to take an online lecture and repeat the original survey a week later. Participation was voluntary, and no reference materials were permitted.
statistical analysis
Statistical analysis was performed using IBM SPSS Statistics V.22.0 for Windows. P values <0.05 on a two-sided test were considered statistically significant. We conducted χ 2 tests for categorical variables. Clinical parameter distributions were tested for normality using the Shapiro-Wilk test. Independent and paired t-tests were conducted for continuous variables with normal distributions, and the Wilcoxon signed-rank and Mann-Whitney U tests were done for variables with non-normal distributions. Unless otherwise specified, data are presented as mean±SD.
resulTs
Abbreviation use analysis
We analysed 4375 records and identified 54 abbreviated medical terms. Of all documents, 2993 (68.4%) contained at least one abbreviation. The three most frequent abbreviations were 'IOL' (1279 occurrences, 29.2% of documents contained this abbreviation), 'OCT' (1006 occurrences, 22.9%), 'SPK' (838 occurrences, 19.15%).
survey questionnaire
The survey was filled in by 278 respondents. Forty-three were either medical students or provided incomplete data, and were 
Abbreviation comprehension and attitudes towards them
No respondent correctly interpreted all 18 of the abbreviations on the survey. Only 1.2% knew at least 50% (9/18) of the abbreviations, 9.7% of respondents knew at least 25% (4 of 18) and 42.5% correctly identified at least 10% (2/18) of the terms. 37.4% of respondents failed to correctly identify any of the abbreviations. The abbreviations 'AMD', 'RAPD' and 'OCT' were the most often correctly interpreted, and 'ONHD' and 'CME' were the least. Further details regarding abbreviation comprehension and common incorrect interpretations are found in table 1.
A majority (79%) of respondents believed it was either important or very important for them to know the meanings of the abbreviations, 19% thought there was some importance and only 2.1% saw no importance in knowing the abbreviated terms. Ninety per cent thought that knowing these terms would, to some degree, improve the quality of the care they provide. Ninety-three per cent of respondents claimed to get 'irritated' or 'very irritated' when they encounter an abbreviation they are not familiar with. Almost all (92.3%) admitted to having used a search engine like Google to find the meaning of an abbreviation. Finally, 59.1% believe abbreviations should be prohibited in medical consultations and records, 26.7% are undecided and 14.2% do not think abbreviations should be banned (figure 2).
online lesson on ophthalmic abbreviations
Of the 235 who completed the first survey, 42 (18%) completed the online class and the subsequent exam. Following the online lesson, the percentage of respondents who scored at least 25% improved from 9.7% to 67% (P<0.05). The percentage original article of respondents who got at least 50% improved from 1.2% to 42% (P<0.05), as illustrated in figure 3 . Of the participants who completed the online class, 65.9% responded that it was a convenient way to improve knowledge and 41.5% felt their knowledge actually improved.
To note, those who chose to take part in the online course had slightly better results at baseline (mean correct answers: 2.60±2.0 vs 1.68±2,13, P=0.04; percentage who correctly knew at least 10% of abbreviations: 27.2% vs 11.9, P=0.02) However, no differences were observed in the percentages of subjects who knew at least 25% or 50% as these rates were very low (P=0.9 for both comparisons).
dIsCussIon
Many factors contribute to the widespread use of medical abbreviations: time constraints in the workplace, the need to provide digital documentation and the standard practice of abbreviating text for other formats, such as social media and instant messaging. 2 The United States Medical Licensing Examination, mandatory for all physicians wanting to practice in the USA, even allows test takers to use commonly used abbreviations on the clinical skills section. 15 It is easy to understand why abbreviations are common in medicine.
As more doctors go into specialised medicine, there is a corresponding increase in the number of specialty consultations in ambulatory care and hospital settings. 16 Doctors and patients should therefore be able to read and understand the consultations without needing clarification. 17 Still, many specialists use abbreviations which are either not universally accepted or are indecipherable to physicians outside their specialties. The use of ambiguous abbreviations is also common. 18 Developers have even written algorithms to correctly interpret the abbreviations in clinical notes. 19 20 The use of abbreviations can lead to miscommunication, confusion and patient harm. [7] [8] [9] [10] An earlier publication demonstrated that most physicians who were not dermatologists knew fewer than 25% of commonly used dermatology abbreviations. 21 It is important to mention that staff were more likely to correctly interpret abbreviations commonly used within their own fields. 6 The only reference in the literature to ophthalmological abbreviations is a small study with 48 British GPs. They answered a questionnaire about 12 ophthalmological abbreviations, and 67% of their answers were wrong. 22 In our study, we used a computerised query to identify the abbreviations most commonly used by ophthalmologists. We then used crowdsourcing to find survey participants.
Previous studies have shown that crowdsourcing is an efficient and reliable method for collecting responses, offering an appropriate alternative to traditional surveying. [23] [24] [25] This method enables a researcher to involve many more participants than by traditional methods (printed questionnaires), but without the option of reporting on response rate.
Of our survey's respondents, only 1.2% knew how to correctly interpret half of the abbreviations, and fewer than 10% knew the correct meanings of a quarter of the abbreviations. Nearly 98% of respondents believed that knowing the correct meanings of the abbreviations was important, and almost 90% thought that understanding the abbreviations would improve the quality of the care they provided. At the end of our study, we show how a short online lecture can teach doctors to correctly interpret abbreviations.
This study has a number of limitations. First, our calculations of each abbreviation's rate of occurrence is based solely on retrospective chart reviews for the ophthalmology department of a single hospital. Their usage may vary in other settings. Second, the abbreviations were given out of context in the survey, which is not how they would likely appear in medical records. Third, participation in the survey and online lesson was voluntary, and so a selection bias may have existed. In addition, when we assessed the benefits of taking the lesson, a difference (0.91 in mean correct answers) was found in favour of those who opted to participate in that second part of the survey. Despite the differences being small, it may still affect our results due to a participation bias. 26 Finally, no mechanism existed to prevent the physicians surveyed from using reference materials, though it was written in the instructions not to.
In conclusion, abbreviations were frequent in the medical records we used, but only a small proportion of physicians could correctly interpret the most common of them. Over 90% of respondents admitted to using web searches to find the meanings of abbreviations on the job, and nearly 60% believed abbreviations should be prohibited in medical consultations and records. None of the respondents could correctly interpret all 18 of the most common abbreviations. The majority of them believed misunderstanding abbreviations could harm patient care. Comprehension of abbreviations improved after watching a short lecture online. Due to the low comprehension rate and negative attitudes towards abbreviations in medical communications, their use should be highly discouraged. The misinterpretation of abbreviations might hinder doctors' efforts to provide the highest quality healthcare to their patients. If time restraints and work habits do not allow for abbreviations to be eliminated from use, a printed reference list of common ones should be incorporated into the medical record.
Main messages
► Abbreviations are common in medical records and are frequently misinterpreted. ► Physicians believe misunderstanding of abbreviations could harm patient care and that abbreviations should be prohibited in medical records. ► Online teaching is a valuable tool in physicians' continuing education.
Current research questions
► Should abbreviations be banned altogether from medical records? ► Which interventions could minimise abbreviation use in medical records? ► Which tools could be developed to limit interdisciplinary misunderstanding between physicians regarding the written medical record?
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